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(54) POLYIAIIDE MOULDING COMPOSITIONS 

(71) We, E. 1. DU PONT DE NEMOURS AND COMPANY, a corporatioa 
organised and existing under die laws of the State of Delaware, located at \K^lnungton, 
State of Delaware, United States of America, do hereby declare the Invention for 
which we pray that a patent may be granted to us, and the method by which it is to be 

5 performed, to be particularly d^crib^ in and by the following statement:— 

The present inventi(»i relates to moulding compositions containing mdt-fabricable 
aromatic linear polyimides. 

Polyimides are known polymeric materials and are described in, for example, 
U.S. Patent Nos. 3,179,631, 3,179,634 and 3,356,648. Also, certain melt-fabricable 

10 polyimides are described 'in U.S. Patent No, 3,234,181. As described in these patents, 
the polyimides are obtained by reacting specified tetiacarboxylic add dianhydrides with 
speafied diprimary diamines to obtain intermediate polyamde-^dds vfindb are con* 
verted by any suitable means such as chemical or heat treatment to the corresponding 
polyimide. The polyimides so obtained are generally intractable materials; however U.S. 

15 Patent No. 3,234,181 disdoses that mdt-fabricaUe polyimides may be obtained from 
certain spedfic tetracaiboxylic acid dianhydrides and specific primaiy diamines. There 
is no disclosure in the pricn- art of mdt-fusiHe pd^yimides derived from a polyamide-add 
prepared by reacting 2,2-bis(3,4-dicarboxyphenyl)hexailuoropropane dianhydride with 
an aromatic primary diamine containing no halogen. 

20 According to die present invention diere is provided a moulding composition com- 

prising a filler maiterial and a mdt-fabricable linear polyimide having ibe following 
structural unit: 
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wherein R lepresentsm- or p-fdienj^en^ l,5-iui{duhylene or 
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wherein R' represents a divalent bridge which is — O— , — S— or — O — R"--0— 
wherdn R" is phenylene, and n is a number siiffident to provide die polyimide wiifa an 
inherent viscosity of at least 0.15 measured on a soludon in sulfuric acid or pyridme of 
0.5 gram of die polyimide in 100 ml of soludon at 30^ C, the pdyimide having been 
prepared by reacting 2,2-bis(3,4~dicarboKyphen3rl)hexafluoropropane dianhydride with 
at least one primaiy diamine of die formula: 
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Triiercm R is as hereinbefore defined, to form a pdyamide-add and conveidnK Ae 
polyanude-aad mto die polyimide. The polyimide genciaUy has a glass transition tem- 
pmture of between 220-C and 385'C When the Imipos^ion is iiSaidedfor «« Hi 
5 extrusion or iniecDon moulding process die pdyamide-add preferably has been end- 
fatodie JSjaSSd """"'^ anhydride, for example phdialic anhydride, before conveisian 

The moulding composiriwis of die present inventi<m can be moulded into any de- 
sired shape, eg. gears, by convendonal compression moulding techniques. Sudi sttuc- 
JO tures have outstanding physical properties. , 

The iiller nuterMis utilised ni die moulding compositions of die invention indude. 
for example, finely divided metals, metal oxides, minerals sudi as asbestos, abrasiv^ 
powders sudi as sihcon carbide, graphite powder, diamonds, glass and high temperature 
resistant rams sudi as polytetrafluoroedij^ene. The fillera may be used eMier separatdy 
15 or m combiMoon m die filled compositions of die invention. The filler can be utilised 15 
ui tne mouldmg compositions of die invention in amounts up to 80 volume netcent. 
based upon die total volume of die moulding compositiML, 

The intmnediate polyamidc-acid can be prepared hy reacting die 2,2-bis(3,4-di- 
carbaxy|*enyI)hBcafluoropropane dianhydride widi at least one aromatic prinary di- 
20 amine m a suitable solvent at a temperature below about 75»C Thereafter, an end- 
cappmg agoit may be added to die reaction system in order to cap die ends of die 
polymenc diam, and next die pdyamide-add is omverted to die polyimide by a con- 
veraion treatment whw^ for oaunple, may consist of adding a chemical converting agent 
as acetic anhydride to die reaction system to cydise die pdyamide-add m form 
25. die imide groups characteristic of die polyimide. oc«aoroioim 
The 2,2;*is(3,4-dicarboxyphenyl)hcxafliioropropanc dianhydride utilised in die 
a inm «a'^ " ^ prepared in die manner described in U.S. Patent No. 

Suitable aromatic primaiy diamines of tfac above fonnula indude: 
30 4,4 -diamino-diphenyl ether (oxydiamline) (ODA) ; 30 

4,4'-diamincMliphenyl sulfide, (TDA); 
13-bis[4-aminophenoxy]benzene, (RBA); 
l,4-bi$[4-aminophenoxy]benzene, 
and anyof tbe aforementioned diamines in combination with each other or in combina- 
35 Hon with mcta-phenylttie cUamine (MPD); para-phenylene diamine (PPD); 1,5-di- 35 
ammo^phihalene (1,5-ND). The diamines may be prepared in a mannci known 
per se. 

The most desirable procedure for reacting die 2,2-bisC3,4-dicarboxyphenyn- 
nexafluoroproMic dianhydride with the diamine or mixture of diamines includes add- 
w ing dry solid dianhydride to a pyridine solution of the diamine reactant Any suitable 40 
solvent for the reactants may be used, and satisfactory results have been obtained with 
pyndinc. An important feature of die process is that the pyridine must be dry since any 
moisture prwent therein lowers the molecular weight of and decreases the stability of 
the polymeric product The solvent may convenientiy be dried by passing it through 
45 molecular Slews m a manner known per se. The temperature of the reaction solution is 45 
maintained bdow about 75**C during the addition of the dianhydride. The dianhydride 
and the diamine may be reacted in cquimolar amounts but it has been found tnat an 
excess of the diamine, up to 5.5% on a molar basis, should be used in order to obuun a 
pol3dmide having an inherent viscosity of at least 030, measured in sulfuric acid as 
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An optional feature of the invention is that wlierein die exoess diamine end groups 
of the polyamide-add are end-capped widi an aromatic anhydride such as^ for example, 
phtfaalxc anhydride, in rder to obtain satisfactory mdt viscosity stability for injection 
molding and extmsion; A stoichiometric amount of phdmlic aol^^dxide end-capping 
5 agent is preferably utilized S 

FoJiowing addidon of the end-capping agent, if used, the pdyamide-add is con- 
verted to the corresponding poiyimide, for example by adding acetic anh3rdride. The 
acetic anhydride dehydrating a^ent may be used in amounts of between 2 and 8 moles 
per mole of pc^yimide polymer produced. The resulting polyimide precipitates ^pon 
10 addition to a stirred miscible non-solvent such as, for example^ methanol, and may be 10 
recovered by known means sudi as filtration and, preferably, the polyimide is thereafter 
washed and dried. 

A tmique feature of the compjosition of die present invention is the vety high load- 
ing of filler matetial that can be incorporated therein to provide useful arades having 

15 hi^ temperature resistance pn>perdes» While most Imownpoiyimides can be M 15 
low concentrations ol filler materials such as described hodnabove, the incorp(»aticm 
into such pdyimides of very higjh ooncentrations (tf fillers results in a severe reduction 
in physical properties sodi as tensile strengdi of mdded articles prepared therdrom. It 
is believed that the deterioration of properties of such polyimides is due to the lack of 

20 mdt flow propmies oi the polyimides which prevents the polyimides from filling the 20 
many voids which exist in mendings prepared from compositions containing a hig^ 
loaduig of fillers. The composition of the present inventim is unique in that the specific 
class of pdyunide therein is characterized by a high degree of mdt-&bricability which 
renders possible the pr^ratic»i of hig^y filled moldings that have tensile strengths in 

25 excess of 1500 psi and even in excess of 3000 psi ^t filler loadings exceeding 60 vohune 25 
percent; 

The polyimide compositions derived from 2,2-bis(3,4-dicarboxyphenyl)hexafluoro>- 
propane dianhydride may be compression molded by adding the composition in powder 
form into a chase and placing top and bottom dosure plates on the chase and inserting 

30 the entire assexxibly mto a hydtaulically operated press. The mold is heated and mam- 30 
tained at a tempeiature oi between SIO'^C and 425**C and a pressure of at least 1000 
psi is applied to the mold, and the mold is thereafter allowed to cool to bdow lOO^'C 
while under pressure after which die mold is removed. 

The invoition will now be illustrated by reference to the following Examples. All 

35 parts and percentages expressed in the l^amides are by wei^t unless otherwise 35 
mdidWed. 

The polymers and shaped structures thereof prq>ared m die following Examples 
were evaluated in accordance wxdi the following procedures: 

INHERENT VISCOSITY The inherent viscosity of die polymer samples was ob- 
40 tained by measuring the viscosity (rf both the polymer sdution arid the solvent^ arid in- 40 
herent viscosity was calculated from the following equation: 

Natural Logarithm (Viscosity of Polymer Solution) 

^ s c'o si ty"" 1 Viscosity of Solvent " T 

C 

where C is the concentration expressed in grams of polymer per 100 milliliters of solu- 
tion. The polj^er solution was obtained by dissolving 0.5 gram of the polyimide poly- 
45 mer in an initial amount of solvent less dian 100 mk at 30^C, and then adjusting the 45 
total solution to 100 mis. by adding additional solvent at 30®C The solvents used were 
either pyridine or sulfuric add, as indicated with the reported values of inherent vis- 
cosity hereiiL As is known in the polymer art^ inherent viscosi^ is related to the mole- 
cular weight of die polymer. 

50 GLASS TRANSITION TEMPERATURE, Tg — The glass transition temperature 50 
of the polymer samples was obtained by either different^ scanning calorimetry or 
differential thennal analysis techniques at 30°C/niin. using a Du Pont Model 900 
DTA Analyzer. The glass transition temperature was defined as the point of intercep- 
tion of the intersecting tangent lines at the pcmit of first inflection of die heating curve 

55 of tiie polymer. 55 

NOTCHED IZOD — ASTM— D 256 
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TENSILE PROPERTIES — Tensile pcoperrics such as tensile strength^ tensile modu- 
lus and elongation were measured in accordance with ASTM— D 1708. 

MELT FABRICABLE POLYIMIDE — The polyimides utilized in die Examples 
may be prepared in accordance with the following procedure: 

To a 3 liter 3*neck round bonom flask equipped with a thermometer, mechanical 
stirrer^ condenser and nitrogen purge is added 100.06 g. (0.5003 mol^ 4% excess) 
4,4'-diaminodiphcnyl ether (ODA). The diamine is washed with 700 ml. of distilled 
pyridine which has been dried over molecular sieves just prior to use. The mixture is 
stirred and heated to 50— 60*^0 to effea solution of the diamine. 213.6 g. (0.4811 mole^ 
of 2>2-bis(3)4-dicarboxyplienyl)hexafiuoropn>pane dianhydride (hereinafter called 6F) 
is then added as a dry sdid in small pordons over about five minutes with sdrring. Last 
traces are washed in with 100 ml. diy pyridine. The temperature b maintuned at 
50— 60**C At the end of 45 minutes all o! the dianhydride is in soludon and 5.6962 g. 
(0.03849 mole) f^thalic anhydride capping agent is added all at once and washed in 
with 100 ml. dry pyridine. At diis point the temperature of the sdution is 40— 50^C 
After stirring for 45 minutes al lof die phthalic anhydride is in soludon and 313 mL of 
acetic anhydride is added slowly through the top of die condenser. The temperature 
of the zeacti(m mixture rises from 39^C to 55^C Imidization occurs essendally in- 
stantaneously. After stirring for at least 30 minutes the solution of 6F/0DA polyimide 
is cooled to room temperature and poured with vigorous sdrring into a Warii^ blender 
partly filled with a non-solvent^ e.g,^ methanol. The granular polymer which comes out 
of solmion is separated by filtradcHi, washed with about 500 ml. methand, and dried 
overnight in a vacuum oven at 120-— 170°C It is finally dried for at least two hours at 
260°C. to remove last traces of water and solvents. The produa i^ characterized by 
having an inherent viscosi^ of 0.42» as measured in sulfuric acid at 30**C 

EXAMPLE 1. 

To a 2 liter 3-nedc round bottom flask equipped with a thermometer, mecfaamcal 
stirrer and water cooled condenser was added 590 ml. pyridine and 195 g. 6F/0DA 
polyimide (Inh. Vis. =: 0.36 in sulfuric acid) end-capped with phthalic anhydride. The 
mixture was stirred with refiuxing until all polymer was dissolved. The soludon ^was 
then transferred to a one quart size can and stirred using a " Cowles " mixer. To the 
stirred soludon 26 g. (10 wt.%) of " Teflon " 7C TFE fluorocarbon resin and 39 g. 
(15 wt.%) of graphite (" Dixon " Airspun #20009) were slowly added and die mix- 
ture allowed to stir for 6 minutes- The mixture was then poiued slowly into a large 
excess of methanol (run in two portions in 1500 cc methanol each time) and stirred in a 
Waring blender to precipitate out die polyimide. The product was separated by filtra- 
tion and washed with two volumes of methanol. It was dried in a vacuum oven at 
150'C. under nitrogen overnight. The produa mixture had a melt flew at 390''C of 
0.18 g./min. 

Samples of polymer were compression molded at 375**C and a pressure of 4160 
psi. The following properties were measured in microtensile bars machined from the 
compression mold«l disc: 

Tensile Strengdi=7800 psi 
Tensile Modulus 764,000 psi 
Elongation = 1.7% 

The coefficient of linear thermal expansion was also measured (ASTM E — ^228) 
and found to be 4.0 x 10-^ in./in./*'C 

A wear disc was machined and tested and was found to have wear factors of 

cu.injnin. 

167 X 10-*» and 189 x 10^*** 

ftlbiir. 

by weight and by thickness^ respectively. These values compare with 

cu.in.min* 

8400 X lO"*" and 8500 x 10-»«- 

ftib.hr. 

by weight and by diickness, respectively for an unfilled 6F/0DA control (Inh. 
Vise. =0.43 in sulfuric add). 
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The wear test is described in the following reference — Lewis, R. B., " Mech. 
Eng." 86, 32--35 (1964). C COWLES " TEFLON " and « DIXON iit Regis- 
tered Trade Marks) ■ 

EXAMPLE 2. 

5 . A. Preparation of Thennopolymerisabl 6F/0DA polyimide Water " Short-Stopp- 5 
ing" Method 

To a 3 liter 3-neck round bottom flask equipped with a mechanical paddle stirrer, 
theimometer, water cooled condenser and nitrogen blend was added 213.6 g. (0.4811 
mole) of 2^-bis(3,4-dicarboxyphenyl)hexafluon)propane dianhydride (hereinaftep re- 

10 fcrred to as 6F) and 750 cc pyridine. The mixture was heated with stirring to SS^'C to 10 

effect solution. 1.04 ml. (0.0577 mole, 12 mole% based on die 6F dianhydride) of 
water was added and stirring continued at 65**C for 5 minutes. Then, 96.22 g. (0.4811 
mole) of ODA was added slowly maintaining the pot temperature at 66— 69*^(1 by 
means of a waiter-icing badt The ODA was wadied in with 150 cc pyridine. Stizring 

15 . was continued for 45 minutes. The polyamide-add solution was dien cooled to about 15 
37*^0 and 300 cc acetic anhydride was added to bring about imfdizadon. The tem- 
perature rose to 54**C due to the exothermic heat of reactiwi. Stirring was continued 
for 30 minutes. The polyimide solution was then coded to loom temperature, diluted 
with an additional 500 cc pyridine to reduce solution viscosity and precipitated by 

20 adding slowly to an excess of methanol stirred in a Waring blender. The slurry was 20 
filtered and the finely divided polymer was washed with 2 volumes of medianol and 
dried in a vacuum oven at 150^C under nitrogen. The product (267.3 g.) had an 
mherent viscosity (pyridine) of 0.25. 

The following physical properties were measured on polymer made in die above 

25 manner and having an initial inherent viscosi^ (pyridine) of 0J24. Cbmpxtssion mold- 25 
ing was carried out at 400''C and 4160 psi widi a 15 minute luM-vqa at' temperature 
and pressure. 

Tensile Strengths 14,200 psi 
7o Elongation =6.7 

30 Notched Izod 30 

Impact =r0.9 ftlb/in. ^ 

The thermopolymerizable nature of the polymer was demonstrated by the fact that 
after 5 minutes at 400**C under a nitrogen atmo^here die inherent viscosity (pyridine) 
increased from 0.24 to 0.36. After 10 minutes exposure at this temperature the polymer 
35 would not dissolve even in boiling pyridine but only underwent swelling to produce a 35 
gelatinous mass. 

B. Preparation Thermopolymerisable 6F/0DA polyimide — Asbestos Composition 
A dry blend consisting of 15 weigjit percent thermopolymerisable 6F/0DA poly- 
imide prepared as above (inherent viscosity pyridine of 0.24) and 85 weigjit percent of 

40 an 80/20 mixture by weight of Carey Canadian and " Noramite " (Registered Trade 40 
Mark) asbestos was prepared and compression molded at 400**C and 12,700 psi. The 
composition had a tensile strength of 400 psi. 

C For comparative purposes the procedure in B above was repeated for prepar- 
ing compression molded articles utilizing 15 wet^t percent of a pdyinude powder 

45 derived from 3,4,3',4'-benzoiAenone tetracarfooxylic acid dianhydride and oxydianiline 45 
(ODA) prepared in accordance widi U.S. 3,179,631. The dry blended mixmre of 
polyinude powder and adjcscos was molded at 440*C and a pressure of 25,000 psL 
The molding was of poor quality and had a tensile strength of less than 100 psi. 

D. Comparative Exjunple C above was repeated utilizing a polyimide powder 

50 derived from pyromeUitic dianhydride (PMDA) and osrydianiline (ODA). The sample 50 
was molcled at 440**C and at a pressure of 22,000 psi. The molding was of poor quality 
and had a tensile strengdi of less than 100 psL 

WHAT WB CLAIM IS:— 

1. A molding composition comprising a filler material and a melt-fabricable linear 
55 polyimide having the fottowingstnictuxaluiut: 55 

o 
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wheiein R represents in> or p-fdienylene, l^-ra^hiiykae or 
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wherein R' represents a divalent bridge which is — O — ^ — S — or — O — ^R" — O — 
wherein R" is phenylene, and n is a number suiiident to provide the polyimide with an 
inherent viscosity of at least 0.15 measured on a solution in sulfuric acid or pyridine of 
0.5 gram of the polyimide in 100 ml of solution at 30®C, the polyimide having been 
prepared by reacting 2^-bis(3,4-dicarboxyphenyl)hexafluoropropane dianhydride with 
at least one primary diamine of the formula: 
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10 wherein R' is as hereinbefore defined^ to form a polyamide-acid and converting die 10 

polyamide-acid into the pcd^imide. 

2. A molding composition according to claim 1 wherein the polyamide-add has 
been converted Into the polyimide by the use of acetic anhydride. 

3. A molding composition according to claim 1 or 2 wherein the polyamide-add 

15 has been end-capped with an aromatic anhydride before conversion into the polyimide. 15 

4. A composition according to any one of daims 1 to 3 wherein the filler material 
comprises up to 80 moldable volume percent, based upon the total volume of moldable 
filler material in the composition. 

5. A composition according to any one of the preceding claims wherein die filler 

20 material is a finely divided metal, metal oxide or mineral. 20 

6. A composition according to any one of claims 1 to 4 wherein the filler material 
comprises an abrasive powder. 

7. A composition according to claim 6 wherein the abrasive powder is »licon car- 
bide or diamond. 

25 8. A composition according to any one of daims 1 to 4 wherein the filler material 25 

is polytetrafiuoroethylene. 

9. A composition according to any <me of daims 1 to 4 v^eretn the filler material 
is graphite. , 

10. A composition according to daim 1 substantially as described In any one of 

30 the Examples. 30 

11. A. molded article obtained from a composition as daimed in any one of the pre- 
ceding claims. 

12* An article according to claim 11, wherein the filler material comprises up to 80 
volume percent of the moldable material in the article. 

J.' A. KEMP & CO., 
Chartered Patent Agents, 
14 South Square, 
Gray's Inn, 
London WCIR 5£U. 
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